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METHOD OF MANUFACTURING DUCTS 
Fred A. Greenwald, Southgate, Calif., assignor to 
Arrowhead Rubber Co., Los Angeles, Calif., a 
corporation of California 

Application May 6, 1949, Serial No. 91,689 
(Cl. 154-8) 4. Claims. 

1. 
This invention relates to a method for manu 

facturing a high-temperature, wire-reinforced, 
flexible duct. 
The invention solves many problems, and pair 

ticularly those which have confronted the air 
craft industry. Metal ducts have proven unsuit 
able because they are too heavy and too rigid, 
and because they must be padded all around with 
insulation which makes them very bulky. Rub 
berized cloth ducts are light and flexible, but i'i 
heretofore they have not been able to withstand 
very high temperatures. Also, they were easily 
damaged if someone stepped on thern or fell 
against them; and they tended to collapse radially 
and to close up or to fracture in use. 
The object of this invention is to provide 2. 

novel method for manufacturing a lightWeight 
duct, which will stand up under use in tempera 
tures between 400 F. and 500 F.; to provide a 
method of manufacturing a wire-reinforced high 
temperature resistant duct which is flexible and 
can be conformed to a convenient path; to pro 
vide a duct which can be collapsed somewhat 
axially but not radially; and to provide a method 
for making a high temperature duct that can 
stand abuse without fracture; to provide a duct 
in which the wire reinforcing is sealed into an 
air tight helix and is encased in a cushion stock 
out of contact with the fabric of the duct body. 
Other objects and advantages of the invention 
Will appear from the following description. 
The product produced by the method of the 

invention is a wire-reinforced, Silicone-impreg 
nated, woven glass fabric, gas-tight duct in which 
reinforcing wire is wound in a spaced apart helix 
in between two silicone-impregnated, woven glass 
fabric tubes; in which the Wire itself is encased 
in a continuous helical cushion or mound of sili 
cone; and in which the two woven glass fabric 
tubes are bonded to each other between the heli 
cal silicone cushion and to said cushion through 
out its extent. The silicone coating not only seals 
the pores in the fabric; it also bonds the fabric 
layers together and provides a silicone cushion 
around the wire So that when the duct is bent 
into different shapes or is collapsed along its 
axis the Wire will not injure or pull away from 
the fabric. Also should any air or gas escape 
through the inner fabric wall, it will not be able 
to escape along the wire as the wire is embraced 
within a silicone cushion. 
The method of the invention may be briefly 

Outlined: 
(1) Two sheets of woven glass cloth are coated 

inside and out with Silicone and the silicone is 
cured enough to remove its tackiness; 

2 
(2) One sheet of this coated fabric is shaped 

around a mandrel with an overlap; 
(3) The overlap is coated with silicone cement 

Which Will bond together later When the duct is 
cured to completion; 

(4) The reinforcing wire is laid around the 
tube on the mandrel in a helical form With Space 
between each helix; 

(5) Silicone paste is applied in the space be 
tween each helix and all paste is removed except 
that which remains after running the finger or 
Squeegee around the tube in contact With each 
adjacent pair of helices; 

(6) The second sheet of coated fabric is then 
laid around the first sheet to cover the wire and 
is lapped like the first sheet; 

(7) A binder string or wire is then wound 
tightly in a helical form around the outside of 
the second sheet so that the binder lies in be 
tween each adjacent pair of helices; this causes 
almost all of the Silicone paste to form into a 
mound around the helically wound reinforcing 
wire; and it brings the silicone coated fabric of 
the inner and outer glass cloth sheets into con 
tact with each other in between the helical mound 
encasing the reinforcing Wire; 

30 

(8) The duct is then cured; and 
(9) The binder string or Wire is removed from 

the cured duct. 
The method will now be discussed in detail, 

With reference to the accompanying drawings. 

35 

These drawings and the following description are 
given in compliance with U. S. Revised Statutes, 
Section 4888, but it is understood that these are 
for illustration only and that the scope of the in 
vention is defined by the appended claims. 
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In the drawings: 
Fig. 1 is a diagrammatic view, in section, show 

ing a portion of a sheet of WOwen glass fabric with 
the first coating of Silicone paste applied. In all 
of these views, the thicknesses have had to be 
considerably exaggerated for purposes of illustra 
tion; 

Fig. 2 is a view in perspective of a partially un 
rolled sheet of the Woven glass fabric of Fig. 1, 
showing how the two sheets to be used in making 
a section of duct are cut on the bias; 

Fig. 3 is a view Similar to Fig. 1, With the Woven 
glass fabric turned upside down, showing a coat 
ing of silicone paste applied to the previously un 
coated side. 

Fig. 4 is a view in perspective and in section 
showing the forming mandrel with a sheet of 
woven glass fabric as in Fig. 3 wrapped around it 
to form the inner layer of the duct; 

Fig. 5 is a view in side elevation, showing the 



2,674,297 
3 

mandrel being rotated and the helical reinforcing 
wire being laid around the Woven glass fabric 
which will form the inner layer of the duct; 

Fig. 6 is an enlarged view in Section showing a 
portion of the mandrel, the inner layer of the 
duct, the helical reinforcing wire, and the silicone 
paste spread in between several of the adjacent 
helices of the reinforcing Wire; 

Fig. 7 is an enlarged view in section showing 
the outer layer of woven glass fabric formed over 
the wire and paste as applied in Fig. 6; 

Fig. 8 is a view similar to Fig. 7, with the bind 
ing string or wire wound tightly around the outer 
layer of fabric thereby forming the silicone paste 
into a mound around the reinforcing wire and 
bringing the fabric of the outer layer into con 
tact With the fabric of the inner layer prepara 
tory to curing; and 

Fig. 9 is an enlarged view in section of a com 
pleted duct. 
The materials used are woven glass fabric, 

silicone paste, and a reinforcing wire. 
Woven glass fabric is used because it can With 

Stand high temperatures. Silicone paste is used 
because of its ability to withstand higin tempera 
tures. Natural rubber and most synthetic rub 
bers deteriorate rapidly in the presence of heat. 
Silicone paste Will withstand temperatures of be 
tween 400° F. and 500° F. and higher. The difii 
culty of handling silicone paste and the high 
temperatures in which the duct is used created 
problems the Solution of which led to the method 
and to the novel product herein described. 
The Wire may be piano wire or any other type 

of Wire preferably one having nigh tensile 
Strength. The exact type of Wire Will depend on 
the use for which the duct is designed. 
The first step in the method is to coat one side 

of a sheet of woven glass cloth with silicone 
paste f. (See Fig. 1.) “120 Silastic' a silicone 
paste made by the Dow Corning Co. is suitable 
for use in making this product. The purpose of 
this step is to provide a light coating of sili 
cone paste On One side of the sheet i to seal the 
pores and passages between the glass threads 
comprising the sheet () and to tie these threads 
together So they will not fray when the sheet is 
cut. 
The next step is to precure this coat of sili 

COne paste until it loses practically all its tacki 
neSS. A characteristic of silicone paste is its 
extreme tackiness when uncured. For some 
types of Silicone paste this curing may be done by 
placing the coated cloth in an oven at 300 for 
about 3 hours. 
After the coated sheet f O is precured, two 

rectangular pieces 20 and 2 are cut for each 
duct. (See Fig. 2.) Preferably, but not neces 
sarily, these pieces are cut on a bias, so that 
neither the Warp nor the Woof threads Will lie 
parallel or near parallel to the axis of the tube 
being formed. The sheets are cut the length of 
the duct Section to be made and are wide enough 
to provide a lap 22 of about an inch when each 
of the sheets 20 and 2 is formed into a tube. 
(See Fig. 4.) 
The next step is to apply the coat 2 of Silastic 

paste to the uncoated Side of each sheet 2 and 
2. (See Fig. 3.) Where facilities permit, the 
sheet O may receive both Coats and 2 at the 
Same time and have these coats precured at the 
Same time. For these coats the paste is spread 
about 0.015 inch thick. When the coat 2 is ap 
plied after the coat if, the coat 2 on the two 
sheetS 29 and 2 is precured about 3 hours at 
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-around the tube 20 on the mandrel. 

4. 
300° and then they are ready to use. This second 
coating 2 with the coating completes the seal 
ing of all the pores in the glass fabric and pro 
vides a buffer coat or foundation coat on the 
surfaces of each sheet. 
The next step is to wrap the sheet 20 around 

a cylindrical (or other shaped) mandrel 25 to 
form the first layer. (See Fig. 4.) This provides 
a coating 2 facing up and a coating next to 
the mandrel 25. These may be reversed as coat 
ings li and 2 are alike, Preferably the sheet 
will lap about 1 to 1% inches at 22. The lap 22 
is spread with Silicone paste and when the duct 
is cured the lapped parts will be Securely bonded 
together. 
The next step is to lay the reinforcing wire 30 

(See Fig. 5.) 
The spacing 3 between the helices is optional, 
but about 4 inch is satisfactory for most pur 
poses. When properly wound the reinforcing 
wire 30 will retain its helical shape without strain 
on the duct. If desired, an agent may be bonded 
to the wire 30 to facilitate its bonding to the 
silicone paste. If this is to be done the wire 30 
must be first cleaned and then lightly coated 
with the agent, a warnish-like material, before it 
is wound around the tube 20. 
The next step is to Spread the Silicone paste 

32 around the Outside of the tube 20 in the Space 
3 between adjacent helices of the reinforcing 
wire. (See Fig. 6.) One way of doing this is to 
run the finger or Squeegee around the tube, The 
soft pad of the finger Will ride on each adjacent 
pair of Wires, in engagement with an adjacent 
pair of loops of wires, and will extend down be 
tween the wires to form a valley in the Silicone 
paste left between them. How deep is this valley 
Will be regulated by the amount of Silicone paste 
that should be left there to be displaced later to 
form the mound of paste 36 around the reinforc 
ing wire (see Fig. 8). If too much is left there, 
it will tend to be forced ahead in between the 
sheets 20 and 2, as the binding string 35 is 
wound on and when more excess has accumulated 
than there is space for it to flow, the binding 
string 35 will not be able to get to the bottom 
of the groove as shown in Fig. 8 So a lump of 
silastic paste will be left at that spot. These 
lumps are not desired because they interfere with 
the free bending and flexing of the completed 
duct. 
The next step is to lay the sheet 2 around the 

tube 28, the reinforcing Wire 30, and the Silastic 
paste filler 32 between the helices. (See Fig. 7.) 
Preferably it is wrapped tightly and is lapped 
about an inch or so like the sheet 23. Silicone 
paste is put on the lapped parts. 
The next step (see Fig. 8) is to apply the binder 

string or wire 35 around the outer sheet 2 so 
it lays evenly spaced in between the wires 30. 
Preferably a glass string 35 is used for this op 
eration. The string 35 pulls the sheet 2 down 
into contact with the sheet 20 and pushes the 
silicone 32 out of the valley (Figs. 6 and 7) into 
spaced apart mounds 36 encasing the reinforc 
ing wire 30. In this way the helically applied 
reinforcing wire 35) is encased or cushioned com 
pletely in a helical mound of silicone. Since the 
Silicone paste 32 is forced out of the grooves 3 
the surfaces of the two tubes 20 and 2? of glass 
fabric touch each other at 3 in the bottom of 
the helical grooves, and when they are cured 
they will be bonded together directly at those 
places. Elsewhere they will be bonded to the 
mound-like silicone helix 36. Only the top sheet 
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2 will be corrugated, because the inner sheet 
20 was held against the Smooth mandrel 25 dur 
ing all the steps of manufacture. 
The next step is the final curing. Preferably 

this is done in two stages; a setting stage of 2 
to 3 hours at about 300 F., and a curing stage 
of 5 to 6 hours at about 460 F. jhe setting stage 
is for the purpose of letting the gases escape from 
the Silicone paste at a temperature below curing 
temperature So the material Will not set up and 
entrap the gas. As soon as the gases are off, the 
temperature can be raised to about 460 F. for 
the final cure of 5 to 6 hours. 
When the curing is finished, the duct 4 is re 

moved from the oven. After it is cool, the bind 
ing string or wire 35 is taken off, the mandrel 
25 is renoved, and the duct 40 is complete. 
The completed duct 60 has an inner woven 

glass tube 29 and an outer corrugated woven 
glass tube 2. Both tubes are coated on each side : 
with silastic paste. Between the two tubes 20 
and 2 is the reinforcing Wire 30, wound in a 
helix and spaced about 4 inch between laps. 
The Wire reinforcing 30 is inside a helical mound 
36 of silicone, and this silicone nound is bonded 
to the inside sides 2 of the two tubes 2G and 2. 
In the spaces at 37 between Successive laps of the 
Silicone helix the tubes are bonded to each other. 
The result is there is no path open for any vapor 
under pressure to penetrate through the duct 
walls, or into the Zone around the helical wire 
30 to escape along the Wire. The silicone 36 
around the Wire acts as a cushion for the Wire 
and as a sealer to prevent air or gas from run 
ning along the Wire until an opening lets it es 
Cape. 
When the duct 40 is compressed or bent, the 

thin grooved portions are folded in, and the wire 
helix 30 retains its original diameter. Because 
the silicone helix 36 is bonded to the two tubes 
and because the wire is inside the silicone helix, 
the compression and bending will not injure or 
shorten the life of the duct 40, nor will it force 
the wire out into contact with Walls 20, 2 or rip 
the glass cloth. 
The duct 40 is exceptionally strong because it 

is reinforced by wire held in a Silastic cushion. 
It can withstand high temperatures because it is 
made of silicone and Woven glass fabric. The re 
inforcing wire is well insulated by the helix of 
silicone around it and by the two tubes. It is 
bendable because its outer surface is corrugated 
and because there are spaces between the Suc 
cessive laps of the reinforcing wire. 
While woven fabric is referred to herein for 

descriptive purposes, a knit fabric or other form 
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of flexible fabric might be used; inasmuch as . 
the impregnating and the precuring tie the 
threads together and prevent unraveling. 
What is claimed is: 
1. A method of duct manufacture Comprising 

coating two glass fabric sheets inside and out with 
silicone rubber, partially curing said sheets to re 
move tackiness, forming said first sheet into an 
inner tube, winding wire helically around Said 
inner tube with space between each helix, ap 
plying a layer of silicone paste adjacent said 
wire, winding said second sheet around said wire 
and said inner tube to form an Outer tube, de 
forming said outer tube between Said Wire to 
conform to the helical pattern of said wire, and 
bonding said inner and outer tubes together where 
they contact by heat-curing the silicone materials. 

2. A method for the manufacture of high-heat 
resistant duct from fabric layers which includes 
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the steps of impregnating each layer of said fab 
ric With a silicone paste and then partially curing 
it to remove tackiness; forming one layer of said 
fabric into a desired shape over a mandrel; wind 
ing a continuous reinforcing wire around Said 
layer in Spaced apart helical form; filling the 
space between adjacent helices With a silicone 
paste; forming another layer of Said fabric into 
the same general shape as the first said layer 
around said first layer and over Said Wire, the 
second said layer touching Said first layer except 
where Separated by Said paste and Said Wire; 
winding a continuous binding strip around Said 
last named layer in between said Wires So as to 
bring the inner Surface of Said layer down into 
contact in between said wires with the outer Sur 
face of the inner layer, thereby flowing said paste 
out of Said space and into a helical mound form 
Surrounding said reinforcing Wire; and simul 
taneously curing said paste and completing the 
curing of the impregnating material in Said fab 
ric layerS. 

3. The method of claim 2 which includes the 
following step before the other layer of said fab 

5 ric is formed over Said wire, namely, passing a 
member around said Wire While keeping said 
Imember in engagement With an adjacent pair of 
ioops of wires So that it extends down into the 
space between said loops to form a valley in the 
silicone paste left between them and only leaves 
enough of Said paste in said Space to form a 
mound-like coating between Said wire and the 
outer layer of said duct when said outer layer 
is placed around said inner layer. 

4. A method for the manufacture of high-heat 
resistant duct from fabric layers which includes 
the Steps of impregnating each layer of Said fab 
ric with a silicone paste and then partially cur 
ing it to remove tackiness; forming one layer of 
said fabric into a desired shape over a mandrel; 
Winding a continuous reinforcing Wire around said 
layer in Spaced apart helical form; partially fill 
ing the space between adjacent helices with a 
silicone paste; placing another layer of Said fab 
ric over said wire and paste and around the first 
Said fabric layer So as to conform it generally to 
the same shape except as modified by the paste 
and wire; winding a continuous binding strip 
around said last named layer in between said 
wires so as to bring the inner Surface of Said 
layer down into contact with the outer surface of 
the inner layer, thereby flowing said paste out of 
said space and into a helical mound form sur 
rounding said reinforcing wire; and simultane 
ously curing Said paste and completing the cur 
ing of the impregnating material in said fabric 
layers. 
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